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Abstract
The important role of interferon-gamma (IFN-c) in protective immunity in
mycosis is well established, except for its participation in fungal granulomas.
Herein, we employ immunohistochemical reactions to describe the in situ
localization of IFN-c in granulomas of susceptible (B10.A) and resistant (A/J)
mice to infection with Paracoccidioides brasiliensis (Pb). After infection with
the highly virulent Pb18, IFN-c-positive lymphomononuclear cells were local-
ized mainly at the periphery of granulomas in both mouse strains. The num-
bers of positive cells found in compact granulomas of A/J mice increased
significantly from 15 to 120 days postinfection. At this time, significantly more
positive cells were detected in the compact granulomas of resistant mice than
in the loose, multifocal lesions of the susceptible ones. In infection with the
slightly virulent Pb265, the same pattern of IFN-c localization was found as in
Pb18 infection, but there was decreased staining at 120 days due to the pres-
ence of only residual lesions in both mouse strains. The marked IFN-c staining
observed in the granulomas of resistant mice at the later stage of Pb infection
confirms its importance in fungal dissemination control, and suggests a contri-
bution to the development of paracoccidioidal granuloma.
Introduction
Paracoccidioidomycosis (PCM) is a granulomatous dis-
ease caused by the dimorphic fungus Paracoccidioides bra-
siliensis (Pb). PCM presents a wide range of clinical
forms, in which the severe form is characterized by multi-
focal and loose granulomas, whereas the benign form
presents unifocal, well-formed, compact granulomas
(Camargo & Franco, 2000). In a murine model of PCM
previously established by our group (Calich et al., 1985),
a marked presence of granulomatous lesions was observed
in P. brasiliensis susceptible (B10.A) and resistant (A/J)
mice, respectively, developing, loose and compact granu-
lomas (Xidieh et al., 1999).
Host resistance to infection with P. brasiliensis is
associated with preferential T helper 1 (Th1)-immune
response with production of high levels of interferon-
gamma (IFN-c), a cytokine which plays a critical role in
the control of the infection (Calich et al., 1998; Kashino
et al., 2000; Oliveira et al., 2002). IFN-c is produced by
different cell populations, including activated T lympho-
cytes, natural killer cells, and also macrophages. The
microbicidal functions of macrophages are activated by
IFN-c, promoting the regulation of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase complex, lyso-
somal enzymes, and stimulation of reactive nitrogen and
oxygen intermediates. The contribution of IFN-c to the
protective immunity against fungi has been demonstrated
in several systemic mycosis, such as those caused by Hi-
stoplasma capsulatum (Allendoerfer & Deepe, 1997), Cryp-
tococcus neoformans (Hoag et al., 1997), and P. brasiliensis
(Cano et al., 1998; Souto et al., 2000). Fungicidal activity
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of neutrophils against Blastomyces dermatitidis (Morrison
et al., 1987) and P. brasiliensis (Kurita et al., 1999), as
well as of macrophages against H. capsulatum (Brummer
et al., 1991) and P. brasiliensis (Brummer et al., 1988;
Calvi et al., 2003) is increased by IFN-c, suggesting a rel-
evant role of these activated phagocytic cells in the con-
trol of the fungal infection.
Chronic tissue inflammatory reactions to microbial
infections also involve the participation of IFN-c. In situ
expression of IFN-c in the granulomas has been corre-
lated with preferential Th1 immune response developed
in fungal (Koga et al., 2002) and bacterial infections (Ber-
geron et al., 1997), whereas in parasitic infections, the
predominant pattern of immune response is Th2 (Czaja
et al., 1989; Henri et al., 2002). Granuloma formation
and fibrosis are characterized by the presence of extracel-
lular matrix (ECM) components, cytokines, chemokines,
enzymes, and different cell populations. The production
of ECM components are regulated by several cytokines
and growth factors, including IFN-c, interleukin (IL)-4,
transforming growth factor (TGF)-b, tumor necrosis
factor (TNF)-a (Wynn, 2004), and their breakdown by
proteolytic enzymes, such as matrix metalloproteinases
(MMPs), is also associated to modulation by IFN-c,
TNF-a, IL-1b, and TGF-b (Zhang et al., 1998; Feinberg
et al., 2000). IFN-c controls collagen expression by direct
effects on synthesis and degradation of type I collagen
(Ghosh, 2002; Wynn, 2004) and by indirect effects
through the modulation of production of the profibrotic
cytokines IL-4 and TGF-b1 (Wynn, 2004).
In our experimental model of P. brasiliensis infection,
we could detect distinct patterns of ECM components
using immunohistochemical reactions (Xidieh et al.,
1999; Nishikaku & Burger, 2003a, b), the presence of
some cytokines (Nishikaku & Burger, 2003a; Nishikaku
et al., 2008) and of proteolytic enzymes (Nishikaku et al.,
2009a) at the lesions of infected mouse strains.
However, the contribution of IFN-c in the paracoccidi-
oidal granuloma formation is not fully understood. The
aim of the present work was to evaluate the in situ
immunolocalization of IFN-c in the lesions of susceptible
(B10.A) and resistant (A/J) mice ip. infected with P. bra-
siliensis, and to assess the contribution of this cytokine to
the development of granulomas and to host resistance
against this fungal disease.
Material and methods
Fungus and inoculum preparation
Yeast forms of P. brasiliensis isolates, Pb18 and Pb265,
respectively, highly and slightly virulent to mice (Kashino
et al., 1985), were cultivated on semisolid Fava Netto’s
culture medium, kept at 37 °C and used at the seventh
day of culture, which corresponds to the exponential
phase of growth (Kashino et al., 1987). For inoculum
preparation, the yeast cells were washed in sterile phos-
phate-buffered saline (PBS, pH 7.2) and the fungal sus-
pensions obtained were adjusted to 10 9 106 fungi mL1
after counting in a haemocytometer. The viability of the
fungal cells, determined by Janus Green vital staining
(Kashino et al., 1987), was always higher than 75%.
Infection of mice
Groups of 5–10 female, 8–10 weeks old mice of B10.A
and A/J strains were intraperitoneally (ip) infected with
5 9 106 yeasts of Pb18 or Pb265, suspended in 0.5 mL
sterile PBS (pH 7.2). Mice injected with sterile PBS were
used as sham controls. Mice were housed at the Depart-
ment of Immunology animal facilities and fed with steril-
ized food and acidified water. This work was approved by
the Ethical Committee for Animal Research of the Biomed-
ical Sciences Institute of the University of Sa˜o Paulo, Brazil.
Collection of tissue samples and histologic
procedures
At 15 and 120 days of infection, mice were euthanized, and
surgical procedures were done according to approved pro-
tocol by the Ethical Committee for Animal Research of the
University of Sa˜o Paulo, Brazil. The peripancreatic/perisp-
lenic omentum, the target organ of ip P. brasiliensis infec-
tion, (Xidieh et al., 1999; Nishikaku & Burger, 2003c) was
collected and fixed in Methacarn solution (60% methanol,
30% chloroform, and 10% acetic acid) for 3–4 h in a sha-
ker at 4 °C. Tissues were embedded in paraffin, and 5 µm
sections were used for histologic and immunohistochemi-
cal procedures according to Nishikaku & Burger (2003a).
Immunohistochemistry
The immunohistochemical reactions were done according
to the protocol described previously (Nishikaku & Burger,
2003a; Nishikaku et al., 2008). In brief, slides with deparaff-
inized tissue sections were incubated overnight at 4 °C
with anti-mouse IFN-c mAb (hybridoma XMG 1.2, dilu-
tion in PBS – 0.3% Tween 20). Biotinylated anti-rabbit
IgG (Rockland, Gilbertsville, PA) was applied to tissues,
followed by incubation with streptavidin-peroxidase
(Vector Laboratories, Burlingame, CA). The chromogen
3.3′ diaminobenzidine tetrahydrocloride (Sigma-Aldrich,
St. Louis, MO) was used, and sections were then counter-
stained with Mayer’s Hematoxylin and examined using a
light microscope (Hund Wetzlar H500, Germany). Image
capture was carried out using a microscope coupled to a
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video camera (Kodo, Tokyo, Japan) and a MICROSOFT VIDEO
CAPTURE software for Windows. Control slides were made
with specimens of uninfected mice and without primary
antibody replaced by diluent (PBS – 0.3% Tween 20).
The quantitation of IFN-c in the lesions was done using
a reticulated eyepiece (912.5) with square grid and a 940
objective (total magnification: 9500, total area = 280 lm2).
This method was previously standardized by the same
authors (Xidieh et al., 1999; Nishikaku et al., 2009b). The
number of positive cells was counted in 10 fields randomly
chosen for each tissue slides (three mice per group) blindly
by two examiners, and the results were expressed as
mean ± standard error of the mean (SEM) of IFN-c-
positive cells/lm2. Two observers blindly analyzed the
percentage of weakly and strongly IFN-c-positive cells.
Statistical analysis
Immunohistochemical data were expressed as mean ± SEM.
The results were analyzed using the GRAPH INSTAT software
version 2.04a. Differences were observed using the analy-
sis of variance (ANOVA) with Tukey–Kramer multiple com-
parisons test, and considered statistically significant when
P < 0.05.
Results
In situ localization of IFN-c in omentum
granulomas after P. brasiliensis infection
The distinct patterns of lesions previously described by our
group were again observed in susceptible and resistant mice
at 15 and 120 days after infection with Pb18 and Pb265
(Xidieh et al., 1999; Nishikaku, 2003). The specificity of the
immunohistochemical reaction was demonstrated by the
absence of staining detected in control tissue slides without
the presence of anti-IFN-c antibody (Fig. 1a). In omentum
tissue sections of uninfected mice, only weak positivity was
observed in mononuclear cells (Fig. 1b).
After 15 days of Pb18 infection, IFN-c immunostaining
was detected in sparse lymphomononuclear cells at the
periphery of omentum granulomas of B10.A susceptible
mice (Fig. 1c). In A/J resistant mice, marked positive
reaction was found in lymphomononuclear cells at the
peripheral foci of necrotic lesions (Fig. 1d), which were
mainly observed in this mouse strain. At 120 days post
infection, B10.A mice showed disseminated loose lesions
with IFN-c stained cells circumscribing granulomatous
foci (Fig. 1e). In A/J mice, intense positivity was detected
in lymphomononuclear cells forming several aggregates
surrounding central necrosis and compact granulomatous
lesions (Fig. 1f). At this later phase of infection, the
lesions developed by both mouse strains showed marked
ECM deposition, but with weak immunostaining for
IFN-c (data not shown).
After 15 days of infection with the slightly virulent
P. brasiliensis isolate Pb265, a similar pattern of IFN-c
staining was detected in both mouse strains when com-
pared with Pb18 inoculated mice at the early stage of
infection. Positive lymphomononuclear cells were local-
ized at the periphery of granulomatous lesions (Fig. 2a
and b). On the other hand, few IFN-c positive cells were
found in the residual lesions of both mouse strains at the
later phase of infection with Pb265 (Fig. 2c and d).
Quantitative analysis of IFN-c immunostaining
in the granulomatous lesions
Figures 3 and 4 show the quantitative analysis of IFN-c
immunohistochemical reaction. The number of immuno-
reactive cells was similar in the lesions of B10.A and A/J
mice after 15 days postinfection with Pb18. In contrast,
the number of IFN-c positive cells increased in both
mouse strains at the later phase of infection with Pb18
(120 days), being significantly higher in A/J mice, when
comparing the stage of infection (P < 0.05; 15 vs.
120 days) and also the mouse strain (P < 0.05; B10.A vs.
A/J).
Regarding the intensity of immunostaining at 15 days
post infection with Pb18, the percentage of weakly posi-
tive cells predominated over strongly immunostained cells
in the lesions of susceptible (68%) and resistant (62%)
mice, whereas at 120 days post infection, the number of
weakly and strongly immunostained cells was similar in
B10.A (55% and 45%, respectively) and in A/J mice
(50%). Many immunostained cells were found in B10.A
and A/J mice at 15 days post infection with Pb265. The
percentage of weakly and strongly positive cells was simi-
lar in the susceptible mice (53% and 47%, respectively),
but in the resistant ones, there were higher numbers of
weakly positive cells (59%). At 120 days post infection,
residual lesions presented decreased number of positive
cells that were more weakly immunostained in B10.A
(64%) and A/J (75%) mice.
Discussion
In this study, we evaluated the in situ localization of IFN-c
in the granulomatous response developed in the omen-
tum of mice infected with P. brasiliensis. Herein, the
immunohistochemical evaluation allowed us to detect the
presence of IFN-c only in cells with lymphomononuclear
morphology. Immunostained cells were located mainly at
the periphery of the granulomas circumscribing macro-
phages, epithelioid cells, and giant cells around fungi in
the center of the lesions. Other authors also demonstrated
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the presence of IFN-c positive cells in cutaneous lesions
of human PCM, and it was correlated to well-organized
granulomas and maintenance of cellular immune res-
ponse (Pagliari & Sotto, 2003).
At 15 days after infection, the similar presence in both
number of positive cells and intensity of IFN-c staining
detected in susceptible and resistant mice confirms earlier
data that at this time of infection the genetic back-
ground of susceptibility and resistance is not manifested
yet (Fazioli et al., 1994). On the other hand, at later
phase of infection, resistant mice showed a higher IFN-c
staining in lymphomononuclear cells compared with
susceptible mice, suggesting the presence of protective
immune mechanisms to the control of fungal dissemina-
tion through the high activation status of phagocytes, as
previously described (Calich et al., 1994). Therefore,
susceptible mice although able to produce IFN-c since
the early stage of the infection, could not control the
fungal dissemination, as demonstrated by the several
loose granulomas containing viable fungal cells, indicating
their incapacity to control the infection, and confirmed
by the higher fungal load in omentum lesions of B10.A
than in A/J mice previously observed by the same authors
(Nishikaku et al., 2008).
Cellular distribution of IFN-c was similar in mice
infected with the slightly virulent isolate Pb265, showing
positive immunostaining localized at the periphery of the
lesions in both mouse strains. Quantitative analysis dem-
onstrated that IFN-c positive cells were observed in both
mouse strains at the early phase of Pb265 infection, but
(a)
(f)(e)
(c)
(b)
(d)
Fig. 1. Immunohistochemical analysis of IFN-c in omentum granulomatous lesions of mice infected with the highly virulent Paracoccidioides
brasiliensis isolate Pb18. No staining without application of primary antibody (a) and weak immunostaining on cells (arrow) of uninfected control
(b); positive lymphomononuclear cells (arrows) at the periphery of non-organized lesion of B10.A mouse (c) and at the the peripherical areas of
compact lesion with central necrosis in A/J mouse (d) after 15 days of infection; positive lymphomononuclear cells (arrows) in granulomatous foci
of disseminated lesion in B10.A mouse (e) and around central necrosis in well-organized granulomatous lesion of A/J mouse (f) at 120 days
postinfection. (a) magnification 9250; (b), (c), (d), (e), and (f) magnification 9400.
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differently from the infection with the highly virulent
Pb18 in which their positivity was increased; infection
with Pb265 was associated with the presence of resid-
ual lesions with lower number of IFN-c positive cells,
suggesting the inactivation of inflammatory/immune reac-
tion and the resolution of the infection.
The presence of IFN-c has been observed in necrotic
processes (Sugawara et al., 1998), whereas TGF-b has been
associated with fibrosis in the granulomatous lesions
(Wynn, 2004). In previous studies using the murine model
of PCM, TNF-a (Nishikaku, 2003), and TGF-b (Nishikaku
& Burger, 2003a) immunostaining was detected in macro-
phages and multinucleated giant cells, as well as in ECM
components. Fibrotic areas showed TGF-b staining, and
regions with central necrosis had TNF-a expression that
were found in the omentum lesions of B10.A and A/J mice
infected with Pb, mainly at the later phase of infection
with Pb18. Tissue necrosis was also observed in association
with fibrotic lesions, only in resistant mice infected with
Pb18 and in both mouse strains infected with Pb265,
leading to resolution of the infection. In this study,
lymphomononuclear cells showed intense IFN-c staining,
distributed at the periphery of necrotic lesions of resistant
mice.
Some authors have described the role of osteopontin
(OPN) in the preferential activation of cellular immunity,
increasing the cytokine expression of IL-12 and inhibiting
IL-10, thus, leading to the immune response toward Th1
immune pattern, which is important to resistance for
infection (Ashkar et al., 2000). Li et al. (2003) demon-
strated that IFN-c stimulates the OPN expression, which
in turn increases the IFN-c production, suggesting a
mechanism of positive regulation to development of Th1
immune response. Increased OPN expression, particularly
observed in macrophages, was detected in the granuloma-
tous lesions of mice, as previously described (Nishikaku
et al., 2008). Although B10.A mice have shown increased
cellular positivity of OPN and IFN-c at the later stage of
infection with Pb18, no association with the control of
the infection was found. Decreased OPN immunostaining
was detected in Pb265-infected mice in comparison
with Pb18-infected mice. Furthermore, OPN reactivity
decreased throughout the infection with Pb265, as
observed for IFN-c, probably due to resolution of the
infection. Hence, presence of OPN and IFN-c at paracoc-
cidioidal granulomas suggests that both these components
might be part of mechanisms to control the P. brasiliensis
infection, particularly in resistant mice.
(a) (b)
(c) (d)
Fig. 2. Immunohistochemical analysis of IFN-c in omentum granulomatous lesions of mice infected with the slightly virulent Paracoccidioides
brasiliensis isolate Pb265. Immunoreactive cells (arrow) in small granulomatous lesion of B10.A mouse (a) and at the periphery of granuloma
developed in A/J mouse (b) after 15 days of infection; weak positivity in lymphomononuclear cells observed in residual lesions developed in B10.
A (c), and A/J (d). Magnification 9400.
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Altogether, our data suggest the active participation
of IFN-c, TNF-a, TGF-b, OPN, and of immune cell
populations (macrophage, giant cells, and lymphocytes)
in the tissue alterations observed during the development
of granulomatous response and also in the immune effec-
tor mechanisms against P. brasiliensis infection.
This study characterized the presence of IFN-c in
lymphomononuclear cells indicating its participation in
the tissue response developed during the experimental
infection with P. brasiliensis. The findings suggest that
intense expression of IFN-c in lymphomononuclear cells
of susceptible and resistant mice infected with the highly
virulent Pb18, points toward a similar activation of cel-
lular immune response in the early phase of the infec-
tion in these animals and to an absence of correlation
between resistance and genetic background of the host
at this time point of infection; however, the expressive
increase of IFN-c positive cells in resistant mice at the
later time point, suggests that at this stage, this mouse
strain has a more efficient capacity to activate phago-
cytes, mainly macrophages, to control the fungal dissem-
ination.
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